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PROBLEM TO BE SOLVED: To provide a fuel cell capable of 
obtaining the excellent output characteristic while restricting 
the crossover in a fuel cell for generating the power while 
directly supplying the organic fuel to an anode. 
SOLUTION: An electrolyte film 21 pinched by an anode 22 and 
a cathode 23 is formed by laminating an organic electrolyte 
layer 211 and an inorganic electrolyte layer 212 through an ion 
exchange material, and the organic electrolyte layer 211 is 
arranged in the anode 22 side than the inorganic electrolyte 
layer 212. 
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* NOTICES * 

iTPO and KCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While having the eel matched for the electrolyte membrane with the anode and the cathode and 
supplying an organic fuel to said anode In the fuel cell generated by supplying oxidant gas to said cathode 
said electrolyte membrane It is the fuel cell which it comes to carry out the laminating of the 1st electrolyte 
layer and the 2nd electrolyte layer with the permeability of an organic fuel lower than the 1 st electrolyte 
layer concerned, and is characterized by allotting said 1 st electrolyte layer to an anode side rather than said 
2nd electrolyte layer. 

[Claim 2] Said 1 st electrolyte layer and said 2nd electrolyte layer are a fuel cell according to claim 1 
characterized by being stuck through a binder layer with an ion-exchange property. 

[Claim 3] It is the fuel cell according to claim 1 or 2 characterized by for said 1st electrolyte layer consisting 
of a high molecular compound which moisture content increases under existence of said organic fuel, and 
said 2nd electrolyte layer consisting of an inorganic compound which has transparency depressor effect to 
said organic fuel. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the fuel cell generated while supplying organic 

fuels, such as a methanol, to an anode directly about a fuel cell. 

[0002] 

[Description of the Prior Art] The fuel cell operated while supplying a direct anode, without reforming 
organic fuels, such as a methanol and wood ether, including a direct mold methanol fuel cell (DMFC:Direct 
MethanolFuel Cell) in recent years is developed, such a fuel cell — setting — organic fuels, such as a 
methanol, ~ hydrogen — since the refining machine for reforming to rich reformed gas is not needed, the 
configuration is expected from applications, such as a power source of being easy and the for the object for 
pocket devices, and for mount. 

[0003] In such a fuel cell, if air is supplied to a cathode side, it is operating and general DMFC is usually 
explained to an example, supplying an organic fuel to an anode side, a methanol water solution will be 
supplied to an anode side, and a reaction will occur like following ** type. 

CH3 OH+H2 0->C02+6H++6e — ** and the proton (H+) generated in an anode side penetrate the solid- 
state poly membrane which is an electrolyte, moves to a cathode side, and reacts with the oxygen in air like 
following ** type in a cathode. 

[0004] 02+4H-H-4e— >2H20 — Since the ** above-mentioned solid-state poly membrane is moisturized by 
the moisture in the water generated by ** formula, and the methanol water solution supplied to an anode 
side, proton conductivity is secured. By the way, in such a fuel cell, organic fuels, such as a methanol, 
penetrate a solid-state poly membrane, even a cathode reaches, and there is a problem which causes the 
oxygen and the direct combustion reaction in air that the so-called crossover occurs. Since this crossover 
reduces the output engine performance of cells, such as cathode potential, if it is going to obtain the 
outstanding output, to control this as much as possible is desired. 

[0005] There is a technique indicated by JP,10-40936,A as a technique which controls a crossover (the 1st 
conventional technique). According to this technique, the solid-state poly membrane by the side of a cathode 
is made into porosity, and the methanol which supplies and crosses oxygen at that catalyst bed was oxidized, 
while preparing the methanol oxidation catalyst layer into the solid-state poly membrane, it changed into a 
carbon dioxide and water and removed, and the crossover is controlled. 

[0006] Moreover, according to the technique (the 2nd conventional technique) indicated by JP,2000- 
106202,A, the crossover is prevented by forming the electrolyte layer which is from an inorganic compound 
on the anode side of a solid-state poly membrane using methanol transparency depressor effect being in an 
inorganic compound. 
[0007] 

[Problem(s) to be Solved by the Invention] However, with each above-mentioned 1 st and 2nd conventional 
technique, there is still a trouble that the output engine performance of a cell falls. In the above-mentioned 
1st conventional technique, since there is a possibility that the amount of supply of the oxygen to a methanol 
oxidation catalyst layer may fall, catalyst ability may fall, and a methanol may not be thoroughly 
disassembled when the water generated in a methanol oxidation catalyst layer closes the porous section by 
the side of the cathode of a solid-state poly membrane, the output engine performance of a cell will fall. 
[0008] In the above-mentioned 2nd conventional technique, since the inorganic electrolyte layer which has 
methanol transparency depressor effect between an anode and a solid-state poly membrane is formed, the 
migration of a methanol on the solid-state poly electrolyte film from an anode side is reduced, but since 
migration of moisture is also reduced in connection with it, there is a problem that it is difficult for the 
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moisture content of the solid-state polyelectrolyte film to fall, arid to folly secure proton conductivity. 
Moreover, since a clearance produces the above-mentioned inorganic electrolyte layer in the contact surface 
of an inorganic electrolyte layer and a solid-state poly membrane with the fine irregularity which dries gel, 
usually forms a porous body and is formed in the layer front face concerned, a proton shift is barred and the 
output engine performance of a cell also has the problem of falling, with conductive lowering. 
[0009] On the other hand, when it is made hard for a mechanical strength to tend to break weakly if it thin- 
film-izes in the actual condition, and to give thickness and to break, although development of the inorganic 
system proton electrolyte membrane which can control the crossover of a methanol and can be used also at 
low temperature as an electrolyte membrane which changes to a solid-state poly membrane is also furthered, 
conductivity becomes low, there is a problem that the engine performance of a cell falls, and for putting in 
practical use, the room of many improvements still remains. 

[0010] This invention aims at offering the fuel cell excellent in the output engine performance in view of the 
above-mentioned problem in the fuel cell generated while supplying organic fuels, such as a methanol, to an 
anode directly. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in the fuel cell 
concerning this invention While having the eel matched for the electrolyte membrane with the anode and the 
cathode and supplying an organic fuel to said anode It is the fuel cell generated by supplying oxidant gas to 
said cathode. Said electrolyte membrane It is characterized by coming to carry out the laminating of the 1st 
electrolyte layer and the 2nd electrolyte layer with the permeability of an organic fuel lower than the 1 st 
electrolyte layer concerned, and allotting said 1st electrolyte layer to an anode side rather than said 2nd 
electrolyte layer. 

[0012] Thus, while it is controlled that an organic fuel penetrates an electrolyte membrane and reaches a 
cathode side when the 2nd electrolyte layer which has low organic fuel permeability intervenes between an 
anode and a cathode, i.e., a crossover, since the 1st electrolyte layer is allotted to the anode side rather than 
the 2nd electrolyte layer, an organic fuel is held at this 1 st electrolyte layer. Here, if a thing with the 
property to also hold moisture with an organic fuel like a solid-state poly membrane as the 1 st electrolyte 
layer is used, sufficient moisture content for the 1 st electrolyte layer concerned can be maintained, and 
proton conductivity will be maintained. Therefore, the output characteristics of a cell also improve. 
[0013] Moreover, said 1st electrolyte layer and said 2nd electrolyte layer are characterized by being stuck 
through a binder layer with an ion-exchange property. With this binder, since the 1 st electrolyte layer and 
the 2nd electrolyte layer can stick in three dimension, while the adhesive property of both layers improving 
and being hard coming to peel, the proton conductivity between both layers improves and the output 
characteristics of a cell also improve. 

[0014] Moreover, although the film which consists of polymeric materials which begin a solid-state poly 
membrane in the 1st electrolyte layer, and moisture content increases under organic fuel existence practical 
is used, it is desirable on the output characteristics of a cell to use the inorganic compound which has 
organic fuel transparency depressor effect as the 2nd electrolyte layer in this case. 
[0015] 

[Embodiment of the Invention] It explains referring to a drawing about the case where the gestalt of 
operation of the fuel cell concerning this invention is hereafter applied to DMFC. 

(1) The eel block diagram 1 of DMFC is an important section decomposition perspective view of DMFC 
concerning 1 operation gestalt of this invention, and shows one eel unit. 

[0016] As shown in this drawing, the eel unit 10 consists of a eel 20, an anode side plate 30, and a cathode 
side plate 40, and the eel 20 is pinched by both the plates 30 and 40. A eel 20 is equipped with an electrolyte 
membrane 21, an anode 22, and a cathode 23, and through the electrolyte membrane 21, an anode 22 and a 
cathode 23 counter and it is prepared. 

[0017] The laminating of the organic electrolyte layer 21 1 and the inorganic electrolyte layer 212 is carried 
out, an electrolyte membrane 21 is constituted, the organic electrolyte layer 21 1 is allotted to an anode 22 
side, and the inorganic electrolyte layer 212 is allotted to a cathode side. The organic electrolyte layer 21 1 is 
an ion exchange membrane which consists of perfluoroalkyl sulfonic-acid system resin, for example, Nafion 
(Du Pont make) and Flemion (Asahi Glass Co., Ltd. make) are used. 

[0018] The inorganic electrolyte layer 212 has the function excellent in especially the thing that formed the 
gel matter which is the film-like thing which has the high function which carries out methanol transparency 
control as compared with the above-mentioned organic electrolyte layer 21 1, and has proton conductivity, 
for example, contains P205 and Si02 in the shape of film. This inorganic electrolyte layer 212 is later 
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mentioned in detail, although produced using a sol-gel method from a metal alkoxide. In addition, various 
metallic oxides may be added and used for the above-mentioned gel matter. 

[0019] The carbon powder and perfluoroalkyl sulfonic-acid system resin which supported the precious metal 
catalyst, respectively are mixed, and an anode 22 and a cathode 23 are formed in the shape of film on the 
carbon paper with which water-repellent treatment was given. For example, as a precious metal catalyst by 
the side of an anode 22, as for amount:of platinum (Pt)-(ruthenium Ru) (Pt support 1 mg/cm2, and Pt/Ru, 
platinum (Pt) and (amount of Pt support 1 mg/cm2) are used by the mole ratio as a precious metal catalyst 
by the side of 1/1), and a cathode 23. 

[0020] The anode side channel 31 is formed in the anode 22 of the anode side plate 30, and one principal 
plane of the side which counters, and the methanol water solution which is a fuel for a cell is supplied to 
them along with this channel. The cathode side channel 41 is formed in the cathode 23 of the cathode side 
plate 40, and one principal plane of the side which counters, and the air as an oxidizer is supplied to them 
along with this channel. 

(2) Explain the production approach of an electrolyte membrane 21, next the approach of producing the 
electrolyte membrane 21 characteristic of the gestalt of this operation. 

[0021] The laminating of the organic electrolyte layer 21 1 and the inorganic electrolyte layer 212 is carried 
out, and the electrolyte membrane 21 is constituted, as mentioned above. The poly membrane (thickness of 
about 200 micrometers) of the above-mentioned perfluoroalkyl sulfonic-acid system used for a common 
polymer electrolyte fuel cell etc. is used, and the organic electrolyte layer 21 1 is cut by predetermined 
magnitude. Here, although especially membranous thickness is not limited, the thinner one is desirable from 
the relation of proton conductivity. 

[0022] The inorganic electrolyte layer 212 is a film-like thing which has proton conductivity as mentioned 
above. After the inorganic gel which forms this inorganic electrolyte layer 212 makes water and the mixed 
solvent of ethanol mix the mixed metal alcoholate solution which consists of an ethyl silicate and 
phosphoric-acid methyl, add a hydrochloric acid or ammonia, and formaldehyde, and it is made to 
hydrolyze, and near a room temperature, it is made to gel for several days and is produced. One side of a 
PTFE sheet is made to apply and dry this inorganic gel, and the inorganic electrolyte layer 212 of 
predetermined thickness (about 10 micrometers) is formed. 

[0023] On the field 213 of the inorganic electrolyte layer 212 by which formation was carried out [ above- 
mentioned ], the electrolyte layer 21 carries out the cast of the solution of an ion exchanger (the same 
component as the organic electrolyte layer 211), dries it, and after carrying out a laminating so that the 
above-mentioned organic electrolyte layer 211 may touch on the field, on predetermined conditions (for 
example, temperature: 150 degree C, a pressure: 50kg/cm2, time amount: 60 seconds), a hotpress is carried 
out and it joins, and it is formed by exfoliating a PTFE sheet. 

[0024] By the way, generally, moisture evaporates at the time of desiccation, such an inorganic electrolyte 
layer 212 serves as a porous body, and fine irregularity surely produces it on a front face. Therefore, a 
clearance is generated between the inorganic electrolyte layer 212 and the organic electrolyte layer 21 1, and 
the problem of checking migration of the proton from a cathode 23 side, and the problem that the interface 
of organic / inorganic electrolyte layer tends to separate arise. Then, after carrying out the cast of the 
solution of the above-mentioned ion exchanger between the inorganic electrolyte layer 212 and the organic 
electrolyte layer 211 and making it dry as mentioned above, by pasting up both layers with a hotpress, this 
ion exchanger achieves the duty of a binder and organic / inorganic electrolyte layer comes to contact in 
three dimension. By this, since the adhesion between the organic electrolyte layer 21 1 and the inorganic 
electrolyte layer 212 improves, while being hard coming to separate in reinforcement, migration of a proton 
becomes smooth and contributes also to the improvement in the output engine performance of a cell. 
[0025] (3) The following actuation is performed in the above-mentioned fuel cell of a fuel cell of operation. 
In the eel unit 10, a methanol water solution is supplied to the anode side channel 31, and air is supplied to 
the cathode side channel 41 . In an anode 22, the reaction the methanol and water in the water solution which 
circulates the anode side channel 31 are indicated to be by the above-mentioned ** formula is caused. The 
proton generated by this reaction passes an electrolyte membrane 21, and moves to a cathode 23. 
[0026] In a cathode 23, the reaction of the above-mentioned ** type is caused by the oxygen in the air which 
circulates the cathode side channel 41, and the proton which moves from an anode 22. Some water 
generated by this reaction will be held at an electrolyte membrane 21. Although the methanol which a 
proton tends to move to a cathode side from an anode side penetrates the organic electrolyte layer 21 1 , in the 
inorganic electrolyte layer 212, it is hard to penetrate it here. Therefore, a crossover is controlled. 
[0027] Moreover, it is known that the moisture content in the case of carrying out impregnation of the 
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methanol water solution will increase compared with moisture content in case the perfluoroalkyl sulfonic- 
acid poly membrane which constitutes the organic electrolyte layer 211 among electrolyte membranes 21 
carries out impregnation only of the water (development and utilization of a polymer electrolyte fuel cell: 
TECHNICAL INFORMATION INSTITUTE work p63). In a eel 20, since the anode 22 and the organic 
electrolyte layer 211 touch, a methanol water solution is supplied to the organic electrolyte layer 211 from 
an anode side, and moisture content is fully secured to the organic electrolyte layer 21 1 with the above- 
mentioned property. Therefore, proton conductivity does not fall like the 2nd conventional technique. That 
is, since a crossover can be suppressed while fully securing proton conductivity, the output engine 
performance of a cell can be improved. 

[0028] Moreover, since the catalyst bed of a center section of the organic electrolyte layer like the 1st 
conventional technique is not prepared, the oxygen supply problem to a catalyst bed does not exist, either. 
Therefore, lowering of the cathode potential resulting from it is not produced, either. In addition, since 
moisture content increases in the organic electrolyte layer 21 1 to which impregnation of the methanol water 
solution is carried out and it is maintained at sufficient moisturization condition as mentioned above, it 
excels in proton conductivity and the output engine performance of a cell improves. 

[0029] In addition, although the gestalt of the above-mentioned implementation explained DMFC operated 
while supplying a methanol to an anode side directly as an organic fuel, it is thought that it is possible to 
apply this invention also in the fuel cell operated while supplying wood ether and lower alcohol, such as 
ethanol, directly as an organic fuel, and the output engine performance of a cell can be raised also in these 
fuel cells. 

[0030] [Example] — based on the gestalt of the account operation of a top, DMFC was produced and it 
operated in the single cel. Drawing 2 is the outline side elevation of the eel 20 (refer to drawing 1 ) in 
DMFC of this example. As shown in this drawing, the eel 20 is carrying out the configuration by which the 
laminating was carried out to the anode 22, the organic electrolyte layer 21 1, the inorganic electrolyte layer 
222, and the cathode 23 to order from the fuel-supply side. 

[0031] [Example 1 of a comparison] Since it is only that DMFC of an example differs from the 
configuration of an electrolyte membrane, DMFC of this example 1 of a comparison is explained using 
drawing 3 . Drawing 3 is the outline side elevation of the eel of DMFC in this example 1 of a comparison. 
As shown in this drawing, the eel of the example 1 of a comparison is carrying out the configuration by 
which the laminating was carried out to the anode 522, the organic electrolyte layer 521 1, and the cathode 
523 to order from the fuel-supply side, and examples differ in that the inorganic electrolyte layer 212 is not 
formed. In addition, the respectively same thing as the thing in an example is being used for an anode 522, 
the organic electrolyte layer 521 1, and a cathode 523. 

[0032] [Example 2 of a comparison] Since it is only that DMFC of an example differs from the 
configuration of an electrolyte membrane, DMFC of this example 2 of a comparison is explained using 
drawing 4 . Drawing 4 is the outline side elevation of the eel of DMFC in this example 2 of a comparison. 
As shown in this drawing, the eel is carrying out the configuration by which the laminating was carried out 
to the anode 622, the inorganic electrolyte layer 6212, the organic electrolyte layer 621 1, and the cathode 
623 to order from the fuel-supply side, and differs from the example the point which arrangement of an 
organic electrolyte layer and an inorganic electrolyte layer has reversed, and in that between organic / 
inorganic electrolyte layers is not stuck through an ion exchanger. In addition, about the anode 622, the 
inorganic electrolyte layer 6212, the organic electrolyte layer 621 1, and the cathode 623, the same thing as 
the thing in an example is used. 

[0033] [Experiment] The electrical potential difference between terminals (V) and internal resistance 
(omegacm2) were measured having set DMFC of the above-mentioned example and the examples 1 and 2 
of a comparison as the service condition shown below, and operating. [0034] which shows a measurement 
result in a table 1 
[A table 1] 
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Fuel: Methanol water solution (1.5 mol/L) 

oxidizer: - air eel temperature: - 90-degree-C current density: - 1 00 mA/cm2 - if an example is compared 
with the example 1 of a comparison as the result of this table 1 shows, DMFC of an example excels DMFC 
of the example 1 of a comparison in the electrical-potential-difference value between terminals, and the 
internal resistance value. This is considered because generating of a crossover is controlled in DMFC of an 
example although a crossover occurs in DMFC of the example 1 of a comparison. 

[0035] That is, although the methanol of a fuel permeates to the organic electrolyte layers 21 1 and 521 1 in 
DMFC of an example and the example 1 of a comparison, in the example 1 of a comparison, a methanol 
reaches even to a cathode 523 after that, a crossover arises, and especially the electrical potential difference 
between terminals falls. On the other hand, in an example, since the inorganic electrolyte layer 212 which 
has methanol transparency depressor effect between cathodes 23 from the organic electrolyte layer 21 1 
exists, a methanol does not reach even to a cathode 23 and a crossover is not produced. Therefore, it is 
thought that it excels in the output engine performance of a cell in DMFC of an example. 
[0036] Moreover, DMFC of an example has an electrical potential difference between terminals high when 
an example is compared with the example 2 of a comparison a little compared with DMFC of the example 2 
of a comparison. Since the direction of an example has high proton conductivity, this is considered. 
Moreover, in an internal resistance value, as for the height of this proton conductivity, an example is shown 
also from the thing of the value of the example 2 of a comparison which about 1/is 2. It is thought that the 
height of this proton conductivity originates in the difference in the moisture content of an organic 
electrolyte layer and the difference in the adhesion condition of an inorganic electrolyte layer and an organic 
electrolyte layer. With the point that both have prevented the crossover by existence of the inorganic 
electrolyte layers 212 and 6212, although there is no difference, as a result of moisture's also having the 
progress to the organic electrolyte layer 621 1 barred with the methanol in a methanol water solution by 
allotting the inorganic electrolyte layer 6212 to an anode 622 side in DMFC of the example 2 of a 
comparison, it is thought that the moisture content of the organic electrolyte layer 621 1 falls. Therefore, in 
the example 2 of a comparison, proton conductivity falls and an internal resistance value becomes high. 
[0037] On the other hand, since in DMFC of an example much moisture content is maintained rather than 
the case where water is only contained, from moisture content increasing it under methanol existence since 
the organic electrolyte layer 211 consists of a macromolecule of a perfluoroalkyl sulfonic-acid system while 
a methanol water solution permeates from an anode 22 side and, as for the organic electrolyte layer 21 1, is 
moisturized by the moisture, it excels in proton conductivity and the internal resistance of a cell is reduced. 
In addition, if the organic electrolyte layer which can sink in an organic fuel like an example is allotted in 
contact with an anode, fuel distribution within the anode side which a methanol is spread in an organic 
electrolyte layer and touches it can be made into homogeneity, but in the inorganic electrolyte layer 6212 of 
the example 2 of a comparison, since the impregnation maintenance of the methanol transparency depressor 
effect, therefore methanol can hardly be carried out, the fuel distribution homogeneity in the 622nd page of 
an anode falls. Therefore, in the example 2 of a comparison, proton conductivity is considered to fall further. 

[0038] Furthermore, in DMFC of an example, it is stuck between the organic electrolyte layer 21 1 and the 
inorganic electrolyte layer 212 through the binder which consists of an ion exchanger, and its proton 
conductivity between two electrolyte layers improves through this ion exchanger. Therefore, by DMFC of 
an example, it is thought that the electrical potential difference between terminals improves and output 
characteristics improve. 
[0039] 

[Effect of the Invention] As explained above, according to the fuel cell concerning this invention, an 
electrolyte membrane The 1st electrolyte layer, Since it comes to carry out the laminating of the 2nd 
electrolyte layer with the permeability of an organic fuel lower than the 1st electrolyte layer concerned and 
said 1st electrolyte layer is allotted to an anode side rather than said 2nd electrolyte layer Since 
impregnation of an organic fuel and the moisture is fully carried out to the 1st electrolyte layer and proton 
conductivity is maintained while being able to control that an organic fuel penetrates an electrolyte 
membrane and reaches to a cathode, i.e., a crossover, the internal resistance of a cell decreases and the 
output engine performance improves. 

[0040] Moreover, according to the fuel cell concerning this invention, since it is stuck to the 1st electrolyte 
layer and the 2nd electrolyte layer through a binder layer with an ion-exchange property, its proton 
conductivity improves and its output engine performance of a cell improves while the 1 st electrolyte layer 
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and the 2nd electrolyte layer are constituted so that it may stick in three dimension and may touch, its 
mechanical strength increases and they stop being able to separate easily. 

[Translation done.] 
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K*sv>Ttt\ y*y-;l/&£©W«&«fc*s!iy 30 

£W#?nTv>So 

[0003] c 3 LfeiRtatte^Ttt, mm. ts 
fc» 7/- Fflflfc^ry #y— ;i/7j<^*Hf«£2n, 

CH3 0H + H 2 0-^C0 2 + 6H*+6 e*-® 

t LTs T-y-FdiT^-rs^a f> (h + ) a, n « 
u ay- Ffcfe^TTE0ao± 3te2S«fpott*k 

[000 4] 0 2 +4H*+4 e^2HiO- -© 

FMCfltt&ih* y # Ozk»K: «fc 0 urn 

?n5or-yn F>e*tt{±5iffi^na 0 £;i3T% c 

»^H#W»?M*aBa L/TAV- F $ T1"M U 3»« 

^o^tmg^MEjt^ec-r, ^^s^px*- so 



tt, *V- F«ti£4H©*»©tH*itt1J6*«rF£*T b 

*3©t, «nfcta**»«fc 3 fc-rntf-p* n 

[0 0 0 5] *ox*— LTtt, 
#bW 1 0-4 0 9 3 6*§&$8fcE«62nTl/'>.5&tS# 

WOH(*»4^«**?LJHc LT*OftMSUBt«alS*« 
[0 0 0 6] $fc, #fc12 000-10620 2 -Steffi 

tEKsnTv»*Kti5 a&2«£*atB) cist, mm 

T; B#S#?IK©:ry-F§llfcMWfc-&»fr5fca« 
filll^Sti IfcCifcoT^D X*—^—&ffi± L 

[0 0 0 7] 

[f&IBtfSPifcLJ:? fc-TSPffl] LfrL&tfS, ±E* 
ft?m<D* V— F<H!l©£?LS$**VT Li: 5 £ i: Jed; 

DWitE^ttT by 2 y-;ua<s££tc#ft¥*n&v\sn;b< 

[0 0 0 8] ±E^2tj£*effit33V>T(±, Ty-Ft 
H(*W^MfcO|IIIk:^^y-;baail«i*iJS8i*OJ&«»l 

?mfi?aM^oy^y-;uo^tt^{£M^n-5*^ ^-n 

SOT, ynh^tt^ttlfSnTOTttOfiT*** 
[0 0 0 9] ftb73. @ftia^?^fcS^sm)»KMi: L 

t, y 3»y— ;i/©^nx*— ^— *ai$(i-rstih^T 

flEaTfeffifflT#a»«3Ryah>«IBRaiOIMI« 

fejt«>e>nTv^A^ sttT»*»Mft-r*i:»wftaitf[ 
*^<@n^-r<, jp**fiffc-&«nic < <-r^i:*m 

[0 0 10] *5§B^i, ±EOP«3ffiCS*, y^y— ;b 

^ifowa^^/'y- FteH»#i&L=B:#&$Mrr.6 
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[0 0 1 1] 

assiia, m i om^ast, miehi i towsmma *> 

Tft»>, Huf2^1<Dme?S^«f3if2m2 0mPSili'3 

try— KfflitE*n*«ifc*«Fa4:-r*o 10 
coo 1 2] ccd ic&i^mmnm&^m-t^m 
2 mmmm^yy- f k * v- KMic/rtrt-* c^cj: 

£ 1 miMl** 2 «S?»l<fc H7/- KflBfcE 

?hTv^ft». cosiwhwc 

[0 0 1 33 Sft, Buffi§llom8IHei:BufBm2©m 

e«2*i3c:i:*:4ft&i:-fSo corvine* »K SB 
1 W*1IMk*2W»tlMt1fi3*7iSfitc«mirzck 

fcfelc, PaSISKfcltS^n F>£t9tt*<lR]±LT«ife 
OW*HHt6lfil±t*. 
[0 0 14] Hffllftfcfci:. SglH»®S»cf±Hf* 

*»?tmfr6a;«itfffl^6n*ft coi^. §12 

[0 0 15] 

CI6WOSIfliOJB»] JMT. 49»Hli:«««RWfiO|| 
fiS<DJ£fg£\ DMFC ICMm Lfci§-a-k:ot,>T 0®£r# 

(1 ) DMFC CD-b/bHtfiJc; 
0 1 *fillB<0— HffiJfcffilcfrfrS DMFC ©gg|5# 

[0 0 1 6] laliatSvf Jc-MC h 1 Ott 

F4 0£fre>«tj£2'nTfc»K 2 0 *<W:7V— F 3 

0, 4 o^s^^n-c^So t;v2oa, ms?a^2 

K 7/-K2 2> AV-K2 3*Ix, 1PSI2 1 
^LT7y-K2 2, *V—K2 3Jb<:J*filLTS**S 

[0017] i«?ii2 1 mmmmmmz 1 1 
mmmmmz 1 2i:#fa/f£*raifi!t£n. tv-f*2 

2ilctt«mi)(M2 1 \t>\ *V-FfflfcB:«iam so 



8?gJl2 1 2*flESn*. *ti«8?K®2 1 lt± x 
7 d T;l*fr >&^fliBifr 5 & & * 
^T'fet), tWAtfNa f i on (xa. -^F 1 

emi on OliSS^ttS) *<ffi^6tl*. 
[0 0 18] Ss«im(PSg2 1 2U\ ±i£*ClISfi?StJl 
2 1 1 k&&lsTl$^*9S-frmfflfl)ffl-*Z>1Gm*& 

*tf, PjOs-^S i"02**try;l'tt*K*ii«fc:»j« 
LfcfeO*^lc®nfc«ffi*ftOo c<D*HS«8?JtJ12 

[0 0 19] 7/- F2 2, *V— F2 3t± s Ztl^ft 

mtf. ry-F2 2ffly©fi&jW8ii&i:LT«e& (p 

t) (R u) (PtSKfS: lmg/cm 

2 , Pt/Ru te-^l/JtT 1 / 1 ) , * V— F 2 3ffJj© 
JtikMttJKfcLTtt, (P t) (PtSitaimg 

[0 0 2 0] 7/- Ffflfl^U— F3 0O7/- F2 2k 
*tlR|-f SOW©— ±ffitC«> 77-Klf+*/l'3 ltffg 

-;b7kJSfffi^«*&^n-5o * V— FffllTV— F 4 OO/b 
V— F 2 3 i^IqJ-rSffllO— ±St«, * V— Fffll^-V 

(2) 1PII2 1 <DttWtt& 
SK< *«ttoj|g«K:«Fatta:ti)B«S2 l^ffStS 

[0021] nmnm2 ib, ±5ELfc«t3ic, frara 

KM 2 1 1 t*i«ms?«f 2 l 2 ktfaiShTiffi 

?nt^5o W11PH12 i n±. — KoafMEtf? 

*tVXjV*>mk<DlSft¥®: (f*l52 0 0(im) 

ffl?n< siTS<o^:*«tc«jBf«nSo ccr\ mom* 

[0 0 2 2] »*i®fi?KS2 1 2«, ±aU/£<k3ty 

SH2 l 2*}gj«-r*Si«y;Wi, WIAff-yf gxf 
;K U v®Ey ^l/i!)^55I^I7;l/3 U— Fjgffi^ 

>=e± T *> i * T ;bf t F * in A T Ap*»(» ^ 

P T F E KDfrlCi^ *a»«-&TB?ffi 
OP* (**I1 0(ira) ©5S«m/BStil2 1 2^Ji5fig?n 

So 

[0023] mmnm2 1 »*, ±ie^bk^ nfc«^mg? 
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S12i20i2i 3±fc'T*:/3SM*'(*rflHMBMi 

2 i i ojfiS**txhLTiai**. * 

©flB±fc±EW««JWW 2 1 lSltSiiCtiL 
ifat&f* (0d*tf, i££ : 1 5 OX, Eft : 5 0 
kg/cm 2 , B$fS:6 0#) T**'V h^l/XLTS^ 
U PTFES/-h*«Kf*c:ktJ:oTJBBESn 

So 

coo2 4] hcsr— mic zovrcmmmmmm2 
2fc*aw*»B2 1 i i:omiK:ttieiH*'5fei;, *v- 

K 2 3 fiB*^ P> ©X d h >O^Ki^Pl$-r S i: </-> 3 

H*^U*. *CT\ ±SEUteJ:3K«t««»«i2 1 
2t^«mSISS2 1 1 k©lfflK±Cl'*>3E»»OS 

SB U ffl/MtRMtf 3 

5<fc-5E*5o cntCfcoT, #««PltJf2 1 1 i:Sft 

«S8?«S2 1 2OBB«0lB»tt3b^±-raOT?, ®SW 20 

[0025] o) ammbonff 

So t/l/azyh i 0£4st,vr, 7V— FHI^-v*^ 

1 £«;*2y— ;l/7jc&$#«*SSft, AV-hWt* 

— 1 ^SKI-rSTkrgj&cfi©;* 3?y — 

«fe«-r*^Dh>tt, WBJW2 l*iffiilUT*y-K 30 

2 3KWSo 

[0 0 2 6] *V-K2 3Ttt, *V— KfflI?-**7l/4 
1 *ffiM-?Z&%L'£V>mmt. TS—Y2 2fr<E>&9bU 

©fifcfcJ:!) 2 
ftSCfci:&So CCT% hixfcfclczy— FfOfr 
e>*y-Fffl!lfc:g»LJ:5i:-rs;><*y-;l4±, JfflHI 

Mii2 i lttaffl-rstf, ««isfi?s®2 i 2tm 

iaL£<(/\, LfttfoT, ^nx*— /<— ttftlSiJ^n 

So 40 

[0027] h(bsir2 i <oo^mmmmnm2 

1 1 £^j£TS7<-7/b*a7;U*7l/X;U*:v^i«#? 
y * y-7b7j<&$^«2^Sii^©37j<Stfiiin-f S 
fflffc : &ffftil$Rtt£*p 6 3) o -fe/l/2 OtfeV^Td 

Ty~V2 2t^mmmnm2 1 1 fctf&siLT^s© 
*»«#ttifts*u ±ie^ttt«fco ; &ti^ifi?«/i2 i i 



fc-^ y°o h>£#ft*+#tc^<St-S ax 
|a]±-rsci:#T-#S„ 

[0028] stc, miS£3fea*o«fc5^ mmmmn 

**y-/l*»«tf3*Stt*tf«W!?fW2 1 1 

So 

[0 0 2 9] fc*5, _tjaftfiS©fi59lTtt, Ty-FffiUt 

y * y - tut m&m&i l s 3WE-r s 

DMF CtOVrSiWb7ctf, *j«*B»fcLTS?*?-;l/ 

[0030] mmm) ±mmm<ommicm^r. d 

mfc U i£-fe;i/T?M4£*?7o fco 0 2 «, *H 

i£0lJ©DMF ClC*5ttS-b7l/2 0 (H 1 #BS) £0«EBSffl!l 

ffi^T-feSo iwiigfcjjrf <fc3£, *>i/2 ott&SttfSSffll 
ft»SKSlc, 7/-K2 2« W8im<S?ftJf 2 1 K M«W 
fi?M®2 2 2. *V-K2 3 tmm-£tirzMi$.*LT^ 

[0 03 1] U±f£#IJ 1 ] *tiMm lODMFCIi, H 
mm<DTJMV C fcSIKHlOM^SftSOSTigSO 
T% 03«rfflv^TgiH^-rSo 0 3tt, #J±tfc0!I Ucfett 
SDMF CO-b;l/<D«[IBS(l!lffiElT'a5So 1^13^^* o 
ic, Jt«ffyiO-b;l/««S»«tftfflll*»6ate:» 7y-F5 
2 2, W«ltt«?HJl 5 2 1 K *V-K5 2 3fcWB« 

nfc«js*uT»t), nitew t tei&mmmnm 2 1 2^ 

!3ttT^&V\£T'g;S:oT^So **5, 7/-K5 2 
2, WHSS?SJB5 2 1 1 „ *y-F5 2 3tt, -^n^ 
nHl6Sfl»Jfc*5tt S O i: [W) U fc O^^ffl LTi/^So 
[0 03 2] CJ±«CT2] *i±Kfi»j2 0DMF C{±, H 

SSWIcDDMF c fcfi<i?SKo«fiK* , saso* - rfeso 

T% ^4%m^TmW-?2>o H4t±, *tt«Efill2tfc^ 
SDMF CO-fe;UO«l8S<I!)®0T-SSo HiEltC^-r <fc r> 
-fe/I/H:«m«IS«^6«li:, 7/-K6 2 2 < 

6 212. w«nft?sii 621 k *y- F 6 

TuawfcsaoT^*. 7/-K622, mm 
mmnm6 212, tii»ii6 2 1 k *v— K6 

2 3tcoi/^Ttt|ISSWcfcttSt©i:[Bli:fe(D^:^fflL 
Tl^So 

[0033] u§i£) ±i enfiSCT *> a tfttxm 1.2© 
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DMF C^OTC^tlMftC^LTIIteL**' 

s>, «?h«ee (v) *j:rfrta»ast (a cm*) 



[0 0 3 4] 

[an 













0.45 


0.36 


0.42 


rt««tt(Qcirf) 


0.32 


0.22 


0.61 



J^ft : *$S->l7mm (1. 5mol/L) 

: 9 0 °C 
mgftSBS : 1 OOmA/cm 2 

MiODMFC^Mll(?)DMFCJ:?)inTt^o C 
*UL JtKffOl <DDMF Cfcfcl^Tfct^nXsj-— 7*— # 
UfaWODMF C*C^Tt±^DX*— >^ 

[0 0 3 5] tt«HHl©DMFCfc 
fctC. ^HfSSS/f 2 11, 5 2 11 *Ttt«#©*$r 

y— 7i/*<s*rs#, it«$#j i ^^-m^y— 7i/# 
#*imfs?st/f 2 1 i **6*v— K2 3ohic^ *y 

X*-;<-l4£i;4^o LfctfoT> HJS0DODMFC 

[0 0 3 6] Sfc. *«OTklt««2i:*lttt"r*fc. 
HfifcffllO D M F C J£«0B 2CDMFC £ It'*. «KPR8 

t£l±. rtSfiffiffifcfc^Tfcl:. H«tffJ^ltKff!l2 0fllO 
J?li/2i:ftoTi/^ci:^6fe^*tiSo L^Ph 

mmmmnm t nmmmnm t (Dmmttmomwzmm 
?zt><DtLmt>ti2> 0 mmt$>mmmmmm2 12.6 

2 1 2<D&mc& 9*nx*— 7^-*|»itLT^£jST 
ttS^^4^feO©s £t$S0!l2<DDMF COJ§£\ $g«| 
m&?K/l6 2 1 2^7/- K6 2 2<H!]U:gE£n£c£fc: 
£oT, y*y— ;l/7kJg^4»cDy^y— ;Ui:i:£>lC7j<# 

^w«ae?H^6 2 1 i^©ffifT*ft&tf6nsig*. w 
$®8*fiJi6 2 1 1 o#*«*MST^5fc#*.6tt3o 

[0 0 3 7] -7:, ^S£#j£>DMF COS&tli, 
y-;I/7jc»»3b^y - F 2 2ffll^6iiaLT*<07k»fc: 

«fc 2 1 Hifffflsnsfcfcfejc. w«ss 



40 



50 



«?Si2 1 1 ti^-7;l/tn7M;l/XW>ygSoiS 

££*7c#>y*y -;i/^TT#7j<fi^igiD-r s 

a*^, WC7k*^*nT^*«^J:t)fe*<<3!)'&7jc 

*r««»K« ^fcvt^^ y uamxi l * s-r * 
tmm 2 commmmmm 62 1 2j:^>t^ 

y - ;MMffltta&*«>*.te: y * y -;l/«ri$ th^E^WSk 

n-v^^tc^ 7/-F6 2 2ffirtoas»»wia— tt 

[0 0 3 8] ^fi»DMFCf^Ttt * 

<itt#PflJl2 1 1 i:^««»KJi2 1 2£(Dm±. 

[0 0 3 9] 

ski 1 oisiiij: t) b«wmoaitttffii« 2 © 
«»K«fc*<aji*nTa>). MiBig 1 (ommnmi±m 

[0 0 4 0] Sfc. *»W^«*«»«»»c«J:ntf, a 

[13 1 ] *¥m<ont&(D&mfc&2> dmfc ogas^g? 

[13 2] *^OHSSWI^-tr;l/3.--y hi 
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2 2 

CH3] itnm \\c&tfz>*i)\s3L~v vcommmmx* 2 3 

$>2>o 3 0 

CH4] 10SLffl2lC*3ttZ1z)]/3L-v hOffittflUffiHT 3 1 

££ 0 4 0 

c«F#o«ra 4 1 

1 0 -t;l/OL- y Y 2 11 

2 0 2 1 2 

2 1 mmnm 



?bV— F 

zy-Ffd^*;b 
*V-Fffiff?V-F 




10 



[02] 



[H3] 



211 212 




522 



2a 




[B4] 



622 6212 & 2il 




-623 



f#H82 002-56857 



(72)«5i# ifiif «A 



(72) fgHJ3# »g|5 

F£— A(##) 5H026 AA08 CC03 CX05 EEll EE17 
HH04 



